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@ Pharmaceutical composition. 



@ A pharmaceutical composition comprises one or more 
essential fatty acids such as Y-linolenic acid in conjunction 
with a bile salt binder or niacin or both. The compositions 
may be administered to reduce blood cholesterol levels. 
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" PHARMACEUTICAL COMPOSITION" S 

FIELD 'OF 'THE INVENTION 

The invention relates to compositions for and methods of 
reducing blood cholesterol levels, a desideratum in many 
disease states and in the maintenance of health. 

BACKGROUND 

There are a number of agents which lower cholesterol 
levels in the blood by binding to bile salts in the gastro- 
intestinal tract and directly enhancing cholesterol excretion in 
the faeces. Cholestyramine, colestipol and dextrans such as 
polidexide are examples of substances effective in this way. 

Further, Illingworth et al in the Lancet for 7th February 
1981 pp 296-7 report use of colestipol plus nicotinic acid 
(niacin) against an inherited high blood- cholesterol condition, 
with 'dramatic 1 - effect. No mechanism is discussed, the article 
suggesting simply that therapy, in addition to taking binders, 
may best be directed towards reducing lipoprotein synthesis, 
and saying that niacin has been reported to do that. 

The present inventor has considered this report. He has 
noted first that- niacin is one of the two forms of Vitamin B3, 
the other being niacinamide; by an unknown mechanism it acts 
systematically to lower cholesterol levels in blood without 
any substantial effect on cholesterol excretion. 

The inventor believes that the effect of niacin is due to 
an effect it has in stimulating prostaglandin (PG) synthesis, 
specifically PGEl synthesis, and that this is part of the 
mechanism that leads to reduced cholesterol synthesis and hence 
reduced levels in the blood. It is for example known that PGEl 
stimulates the formation of cyclic AMP (adenosine monophosphate) 
and that cyclic AMP inhibits cholesterol synthesis. Further, 
niacin, in addition to its blood cholesterol lowering effect, 
causes flushing and tingling, effects that the inventor has noted 
are also among those of stimulating prostaglandin synthesis, 
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particularly PGE1 synthesis. Niacinamide, in contrast, though 
generally equivalent in its bodily effects to niacin, does not 
show this stimulating effect on PG synthesis, nor does it 
cause flushing and tingling or show a blood cholesterol lowering 
5 effect. Linkage of these facts as instances of the unusual 

existence of differences in properties between niacin and niacin- 
amide, is a reason for the inventor believing that PG levels 
and blood cholesterol levels are linked. Finally, the inventor 
has noted that essential fatty acids, particularly Y^linolenic 

10 acid (GLA) and (iLhomo-y-linolenic acid (DGLA) , also act system- 
atically to lower blood cholesterol levels, the mechanism 
again being unknown; these acids of course are the starting 
materials for 1-series PG synthesis as considered in some detail 
below. 

15 THE INVENTION 

The inventor believes he has drawn the above observations 
together for the first time, and that (without limitation) they 
provide a rationale for proposing compositions for and methods 
of reducing blood cholesterol wherein bile salt binding agents or 

20 niacin or both are used in conjunction with essential fatty acids 

and in particular GLA and/or DGLA. Such combination is believed to 
attack the high blood cholesterol levels in two ways, by both 
enhancing excretion and reducing synthesis, and gives a greater 
effect than either agent alone. ^ 

25 DOSE RANGES 

Suitable amounts of active materials, other than GLA and 
DGLA given later herein are: 

Bile salt binders 1-200 g 

(colestipol, cholestyramine, preferably 10-30 g daily 
dextrans such as polidexide) 

30 

Niacin 10 mg-20 g 

preferably 2-6 g daily 

FURTHER MATERIALS 

Further materials that may be used with the essential fatty 
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acids and bile salt binders are those of prior proposals of the 
inventor, all tending to enhance 1-series PG production or, more 
broadly expressed, to influence the 1- series/2- series PG balance 
in the body in favour of 1-series PG's. These proposals include 
use of zinc, & -lactam antibiotics and other materials listed and 
discussed in published European Patent Specification No. 
A O 003 407? use of penicillamine, phenformin and levamisole, 
and colchicine, Vinca alkaloids and other materials listed and 
discussed in published European Patent Specification No. 
A 0 004 770; use of vitamin C, ethanol and opiate antagonists 
listed and discussed in published European Patent Specification 
No. A O 019 423; and use of 4-amino and 8-amino quinolines, 
acridines, quinine and other materials including spironolactone 
listed and discussed in published European Patent Specific- 
ation No. A 0 035 856. Reference may be made to these 
specifications for the full listings, discussion and dosages, 
which are applicable in the present context also. 
GENERAL DISCUSSION 

The significance of use of essential fatty acids, where 
the intention is to affect prostaglandin metabolism and through 
it other bodily processes, is that when raised prostaglandin 
levels are desired it is for various reasons not practical to 
administer naturally-occurring prostaglandins such as PGE1 and 
PGE2 to patients, certainly for any long period. Consequently, 
considerable attention has focussed on the use of prostaglandin 
precursors including linolenic acid, y-linolenic acid (GLA) 
and dihomo-Y- linolenic acid (DGLA) . 

Conversion of these materials in the body is believed to 
be as shown in the following diagram: 
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cis — Linoleic Acid 
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The broaa outline of this pathway is well known, and it 
brings out clearly that a major function of essential fatty 
acids (EFAs) is to act as precursors for prostaglandins, 1-series 
PGs being formed from dihomo-Y~linolenic acid (DGLA) and 2-series 
5 PGs from arachidonic acid (AA) . DGLA and AA are present in food 
in only small quantities, and the major EFA in food is linoleic 
acid which is first converted to y-linolenic acid (GLA) and then 
to DGLA and AA, :the latter step being irreversible. The con- 
version of linoleic acid to GLA is a limiting step, adequate in 

lO the young and healthy body but often inadequate in ageing or in 
many disease states. 

DGLA is the key substance. GLA is almost completely and 
very rapidly converted in the body to DGLA and so for practical 
purposes the administration of DGLA and GLA amounts to the 

15 same thing. DGLA can be converted to a storage form, changed 
to arachidonic acid and thence to PGs of the 2-series, or 
converted to PGs of the 1-series. 

A balance between 1-series and 2-series PGs is, the 
inventor believes, significant in terms of overall control of 

20 the conversion pathways given above. Such control is not 

understood in detail but without restriction to the theory it 
appears first that PGE2 is able to enhance the formation of 1- 
series PGs, and second that PGEl is able to block arachidonic 
acid mobilisation from tissue stores. Thus the conditions for 

25 a negative feedback control loop exist; overproduction of PGE2 
from AA will activate PGEl synthesis, the PGEl will inhibit AA 
mobilisation, and production of 2-series PGs will drop. Further 
TXA2, an unstable product of the 2-series endoperoxides arising in 
2-series production, also appears to limit AA mobilisation and to 

30 enhance 1-series PG and in particular PGEl production. Thus again 
the activity of the 2-series PG synthesis pathway gives rise 
indirectly to a material that controls that pathway. 
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All of the above should be borne in mind when considering 
the application of the present invention. 
PACKS 

If it is not desired to have compositions comprising the 
active materials together, as listed above , packs may be 
prepared comprising the materials presented for separate or 
part joint and part separate administration in the appropriate 
relative amounts, and such packs are within the purview of 
the invention. 
DIETARY COMPOSITIONS 

The invention is chiefly described in terms of pharmaceut- 
ical compositions, but it will be understood that the -y-lino- 
lenic and other acids, being in the nature of dietary supple- 
ments, could be incorporated in a dietary margarine or other 
foodstuffs; such foodstuffs, possibly containing other active 
materials and generally referred to in this description as 
dietary or pharmaceutical compositions, are within the purview 
of the invention and thus of the term pharmaceutical compos- 
itions, packs or the like used in the claims. 
VETERINARY APPLICATIONS 

It will be understood that where a disorder of a kind 
calling for treatment in animals arises, the invention while 
described primarily in terms of human medicine and treatment 
is equally applicable in the veterinary field. 
AMOUNT OF -y-LINOLENIC AND OTHER ACIDS SPECIFICALLY 

A preferred daily dosage for all purposes for an adult 
(weight ca 75 kg) is from 0.05 to 0.1 up to 1, "2, 5 or even 
10 g as required of y-linolenic acid or equivalent weight, 
calculated as y-linolenic acid or. a physiologically functional 
derivative thereof. Amounts in particular may be 0.1 to 1.0 g 
daily. Such doses correspond to about 2 to 20 g daily of 
the Oenothera oil discussed below. In place of, or in 
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addition to, y-linolenic acid, one may use dihomo-y-linolenic 
acid or a physiologically functional derivative thereof, in 
amounts equivalent in molar terms to y-linolenic acid and 
calculated as such. Other EFA*s are likewise related back to 
y-linolenic acid in molar terms. The dosage can for example be 
taken as a single dose or divided into 2, 3 or 4 subdivisions 
thereof as convenient. 

Suitable physiologically functional derivatives, convertible 
in the body to GLA or DGLA to enter the biosynthetic pathway 
given earlier herein, are physiologically acceptable salts, 
esters (particularly glycerides and simple C^-C^ alkyl esters) , 
amides and phospholipids. Indirect identification of useful 
derivatives is by their having the valuable effect in the body 
of the acid (GLA or DGLA) itself , but conversion can be shown 
directly by gas chromatographic analysis of GLA or DGLA 
concentration in blood, body fat, or other tissue by standard 
techniques for example those of Pelick et al. p.23 r "Analysis 
of Lipids and Lipoproteins" Ed. Perkins, American Oil Ghemists 
Society, Champaign, Illinois, U.S.A. (1975). 

If desired, pharmaceutical compositions may be produced 
for use in the invention by associating natural or synthetic y- 
linolenic acid (or a physiologically functional derivative 
thereof) and/or dihomo-y-linolenic acid (or a physiologically 
functional derivative thereof) , as subh, with an acceptable 
pharmaceutical vehicle. It is at present convenient to in- 
corporate the Y-linolenic acid into compositions in the form 
of an available oil having a high y-linolenic acid content, 
hence references to "oil" herein. 

At the present time known natural sources of oils having 
a high y-linolenic acid content are few (there are no known 
natural sources of significant amounts of dihomo-y-linolenic 
acid). One source of oils currently available is the seed of 
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Evening Primrose species such as Oenothera biennis L . and 
Oenothera ' iamarckiana , the oil extract therefrom containing Y" 
linoienic acid (about 8%) and linoleic acid (about 72%) in the 
form of their glycexides together with other glycerides (per 
centages based on total fatty acids) . Another source of y- 
linolenic acid is Borage species such as Borago officinalis 
which, though its current yield per acre is low, provides a 
richer source of y-linolenic acid than Oenothera oil- Recent 
studies on fungi which can be cultivated by fermentation 
promise a fungal oil source. 

The seed oil extracts referred to above can be used as such 
or can for example if desired be fractionated to yield an oily 
composition containing the triglycerides of y-linolenic acid 
and linoleic as the main fatty acid components, the y-linolenic 
acid content being if desired a major proportion. Seed oil 
extracts appear to have a stabilising effect upon any dihomo-y- 
linoienic acid or physiologically functional derivative thereof. 
PHARMACEUTICAL PRESENTATION 

The compositions according to the invention are convenient- 
ly in a form suitable for oral, rectal, parenteral or topical 
administration in a suitable pharmaceutical vehicle , as dis- 
cussed in detail for example in U.K. Patent Specification No. 
1 082 624, to which reference may be made, and in any case very 
well known generally for any particular kind of preparation. 
Thus for example tablets, capsules, ingestible liquid or powder 
preparations, creams or lotions for topical application, or 
suppositories, can be prepared as required. Injectable 
solutions of hydrolysed Oenothera oil may be prepared using 
albumin to solubilise the free acid. 

Advantageously a preservative is incorporated into the 
preparations* ct-Tocopherol in a concentration of about 0.1% 
by weight has been found suitable for the purpose. 
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It will be understood that the absolute quantity of 
active ingredients present in any dosage unit should not exceed 
that appropriate to the rate and manner of administration to be 
employed but on the other hand should also desirably be adequate to 
allow the desired rate of administration to be achieved by a small 
number of doses. The rate of administration will moreover depend 
on the precise pharmacological action desired. 

The following Examples serve to illustrate pharmaceutical 
compositions useful in treatment according to the invention. 

EXAMPLES 

Pharmaceutical compositions contain a unit dose of an oil 
extract from the seeds of Oenothera biennis L . and one of the other 
active materials of the present invention, optionally with added 
DGLA for example as with methyl dihomo-Y-linolenate . They may be 
presented by encapsulation of the natural oil in soft gelatin 
capsules by known methods. V 

The oil is extracted from the seeds by one of the conventional 
methods of extraction such as cold pressure, screw pressure after 
partially cooking the seed, or solvent extraction. 

Fractionation of a typical sample of this oil shows a yield 
of 97.0% oil in the form of methyl esters, with the relative 



proportions: 

Palmitate 6 . 15 

Stearate 1,6 

Oleate 10.15 

Linoleate 72.6 

•y-Linolenate 8.9 



As preservative, a-tocopherol is added to the oil in a concentration 
of 0.1%. 

Gelatin capsules containing oil extracts prepared as described 
above, each having the following contents of active ingredients 
(O.Sgoil extract « ca 0.045 g y-linolenic acid), are prepared 
in conventional fashion. 
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EXAMPLE 1 



Oil extract 



0.5 g \ 



Two capsules may be a dmin istered thrice daily in the treatment of 
high blood cholesterol levels, giving a daily dose of y-linolenic 
5 acid of ca 0.27 g, in conjunction with IO g colestipol, cholestyramine 
or polidexide on each occasion. 

EXAMPLE 2 



10 Two capsules may be administered thrice daily in the treatment of 

high blood cholesterol levels, in conjunction with 5 g cholestyramine, 
polidexide or colestipol on each occasion. 

EXAMPLE 3 



Methyl dihomo-y-linolenate 



Oil extract 



0.5 g 
IO jng 



Oil extract O.S g 



15 



Niacin 1 9 

Two capsules may be administered thrice daily in the treatment of 
high blood cholesterol levels, alone or in conjunction with 
colestipol, cholestyramine or polidexide as in Examples 1 and 2. 
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* "CLAIMS 



1. A pharmaceutical composition comprising one or more 
essential fatty acids in conjunction with a bile salt binder 
or niacin or both. 

2. A composition according to claim 1 wherein the or each 
essential fatty acid is y-linolenic acid or dihomo~ Y -linolenic 
acid or physiologically functional derivative thereof. 

3. A composition according to claim 1 or 2 wherein the 
bile salt binder is colestipol, cholesyramine or polidexide 
or other dextran. 

4. A composition according to any preceding claim presented 
for administration to give O.OS to lo g Y -linolenic acid daily 
or molar equivalent amount of dihomo-y-linolenic acid, 
derivative or other essential fatty acid. 

5. A composition according to any preceding claim 
presented for administration to give 1 to 200 g bile salt 
binder daily. 

6. A composition according to claim 5 wherein said amount 
is 10 to 30 g daily, 

7. A composition according to any preceding claim presented 
for administration to give 10 mg to 20 g niacin daily. 

8. A composition according to claim 7 wherein said amount 
is 2 to 6 g daily. 

9. A pharmaceutical pack comprising the materials set out in 
any preceding claim presented separately, or one or more 
separately and others together, but for joint administration. 

10. When for use to reduce blood cholesterol levels the 
composition of any of claims 1 to 8 or the pack of claim 9. 



